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Abstract  This paper describes a classificationalpo:ithing
using dual- polarized scattcrometer measurcments 1o iden.
tify the edge of thescaice cover. The distine polayiz tion
scaltering signaturcs of sca ice and open water ar dis
cussed and illustrate with the dual-polarizedradarin: a
surcinents from the Scasat-A scat teromet er (SA s9) “1 he
analysis of SASS data suggests that the ratio of vorti al

and horizontal polarization backscatter, denote s+ 1 he

copol ratio, is a uscful discrimin ator of sceivice and e
occan., A simple classification algorithim using thethire i
olds of the copol rat 10 and backscatier le vels s proposia,
"T'he feasibility of this algorithm is demonstratednsiug the
SA SS datafromthe single-sided, dual-polatizationy o,
The results indicate that the dual- polarized ineasinancnts
fromthe NASA scatterometer (NSCAT) can hcusedin
produce routine maps of sca ice extents.

INTRODUCTION

In this paper, we describe the potential of usine v
polarized scatterometer returns from the polar oo, i sto
identify the edge of the icc cover. Thisice edpe coul 1
be used to compute the ice extent whichiis define 1
the area cnclosed by the outer boundary of t e, pac 1,
The trends in the maxima and minima of the anna ali

extents of the Arctic and Ant arclic sca 1c¢ cove 1 ave

been suggested as useful indicators of ehat oo ha g
Recent investigations have been hased 011 ¢ lictee (xiand
derived from data collected by the Scanning M ultic an
nel Microwave Radiometer (SMMR) instrument ane iis
Successor, Special Sensor Microwave Tmager (SSM /1) W
suggest, herethat a dual-polarived scatterometer ¢ uldd
be used to discriminate sca ice from open waler and
that aroutine icc edge product derived fromactive 1111
crowave data could provide an interest ing complementio
the SSM/1 estimates.

SEAICE/WATERCLASSIFICATIONALGORITIE M
A . Scattering Signatures of Sca lee and Opreu Wit
Sca ice consists of freshwater ice, brine, and «it hubhile
The salinity, size, shape, and number densitics ol brin
inclusions and air bubbles intheice layer are sirongly

This work was performed under a cor itract with the Noationa !
Acronautics and Space Administration at the Jet Propulcint, b,
ratory, Califor nia Institute of Technology.
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Figure 1. Examples of dual-polarized backscatter data from
Scasatl scatterometer v e rsus incidence angle. (@) two sclected
sca ice areas in the Arctic occan and (b) averaged upwind
0} 191 vations of oceanbackscatten[5)

influenced by the temperature during ice growth and de-
salination. The surface is composed of meltponds, hun-
mocks.jce ridges and snow cover with roughness at a
range ol scales [4]. Scattering from a complex medium
fike seaice involves both volmime and surface scatlering
mechanisms. Air bubbles, briue pockets, and show grains
are sources of volume scattering.  Because these volume
scatterers are randomly oriented or almost spherical, the
levels of vertical and horizontal polarization returns, oy 4
snud oy, are thus similar . T ot her wor ds, the copol ratio
e /004 is earunity for volume scattering. Surface scat-
tering is contributed by therough surfaces of ice ridges,
seaice and stow cover at all length scales. 1n general, the
sturface roughness of scaice, exeept thin ice, is compara-
Ple w ith or much larger than the wavelength (~ 2 cm)
of SASS. This micans that the geomet ric optics scattering
from surluce facets facing the scatterometer may become
significant even at lat ge incidence angles. C on seq uently,
thelevels of Ku-bando, andaoy;, will be similar for most
watee sutlaces. 'rom the desceribed charact eristics of vol-
mnecand surface scattering, we anticipate that the copol
ratio s close to unity for sca ice at Ku-band, regardless of



wi rich scat tering mmechanism dominates. IMgure ) illu-
trates the SASS data for two arcas, oncinthe Beauloni s
and the other in the Chukcehi sca centered af (72 2200

and (72°, 1900), respectively. The size of cach area~i¢:n
latitude by 1° inlongitude. A's shown, the copol rat o
less than 2 dB froirn 00 to 60° incidence angles, consishont
with the physical scattering mechanisin desc 1 ibedaling
The higher backscatter in the Beaufort Sci is proh 1y
due to scattering from the more deformed seader coverm
this region.

The scattering mechanisms of open ocean arcauited |
ferent from those of sca ice. Sca surfaces touphine by
wind forcing arc comprised Of gravity waves.capillany
waves,
Ouv and Ok on the incidence angl e and wind specd s
illustrated in Figure 1(b) using the SASS 2 model 1 nn
tion for upwind observations [5]. The chatacteristy .ol
lustrated here are similar for observations 1ade aothe
wind directions, T'hie sca surface backscatter is domin it
by the Bragg scatiering fromn capillary wavesat large ini
dence angles. 'he Bragy, scattering mechanism proviic. o
unity copol ratio at small incidence angles. Howeve 1 the
copol ratio for Bragg scattering incrcases wil Iiniscisiy,
incidence angles and may reach as high as 10 d13 a1 607
cidenceat row winds, Iigure 1(b) also indicates thasrthe
copol ratio of sca surlace backscatier depends 1 niw il
speed. This might be duc to the increasing coverape of
breaking waves and foam with increasing wind speelL It
has been suggested that breaking waves significant | vin
crease the level of oy, at high incidence angies n¢ vond
what is predicted from the Bragg scattering medhiaiisn,
An increase in oy, leads to a redu ction of (e copedia
tio of occan backscatier. In general, the ¢ opoltata of
occan backsc atter inc reases with increasing incidence -
gles, unlike that of sca ice.

Comparative analysis of Figures [(a) and (I indiates
that the backscatter levels from seaice ovalapwitnihe
range of backscatter from open water, which depanls on
wind speeds. This clearly makes it diflic ult to distingoish
sca icc andopen water usimg only backscattarlovds  How-
ever,the SASS datasuggest that the copoly atio for ceam
backscatter is larger thanthat of scaice b charattorat
large mcidenceangles. o verify whether theabovah
scrvation is truc over a larger arca, the copolratios  f (i
SASS data from theéntire polar regions arcesamined.
The ratio of consccutive o4, and o), Icasurcincnis nade
by the satne antenna beam is calculated forincidinecim:
gles between 43° and b8 and grouped into (1L H by (1 5H¢
bins. The results snow that the copol ratio is ¢los t1 ()
dB for the areas expected to be covered by scaice i
as large as 5 dI3 over theopenoccan. Thissuppori-om
conclusion drawn from I"igure 1.

B. Sca lcc/Water Classification Algorithin

The preceding discussion suggests that thecopodriti, | is
a good discriminator of scaice and open water Ay sis
of SASS-2 geophysicalmodel functionb] forscveridwind
speeds shows that the copol rat 1o Tor open wateni< greater
than 2 dB at above 43° jncidence angles for winds np to
20 in/s. Il ence, if a value of 2 dB is selectedfor =1, the

breaking waves, and foam. The dependence of

threshold algorithin sho uld work rather well for a large
tange of wind speeds with the backscalter observations at
meidence angles g reator than 43,

Besides the threshold for copol ratio, the thresholds of
hack scat t er levels ar ¢ also required to reduce erronecous
dlassification at high and low winds. The copol ratio data
for the south polar region show that there will be sul)stall-
1 ialmisclassifications of open water intoice if the copol
ratio is used as the only discriminator. The classification
can be improved by bracketing the ratige of backscatter
Jevels. ‘The upper hackscatter threshold (o1) is selected
10 he stall enough so that extraordinarily strong wind
conditions resulting in high backscatter and small copol
ratios willnot be confused as sca ice, but is large enough
tolnclude as manyicetypes as possible so that strong
backscatter from sorne winter Antarctic sca icc will not
be ex duded. The lower threshold (o2) is needed to ex-
<lude the noisy backscatter data from openocean at low
winds. We found that the values of O d13 and -25 dB for
ayand oy, respectively, work well for the summer Arctic
and winter Antarctic sca ice with our current data set.
Heneewe propose 1 hefollowing algorithm for sca ice and
open water discritnination using the data from above 43°
meidence:

A pixcl is classified as sca ice if

e oy SO <y, and

e 0, > Oy and o)), > 02
Otherwise, this pixel is classified as open water,

APPIICATIONS TO SEASAT DATA

Here, thie copol ratio algorithin for sca ice and open wa-
ter classification is denonstrated with the data from the
Scasat scattcrometer 13- SASS used four dual-polarized
fan-beam antermas o produce an X-shaped illwmnination
patternonthe earth surface. There were cight science op-
crationalmodes for beam/polarization scanning. Modes
3 and 4 arc single-sided, dval-polarization modes illumi-
nating  he Jeft and right sides of the satellite velocity
vector, respectively. Yn early July 1978, SASS operated
cont muousl y i mode 4 from revs 142 to 223 with th ¢
antenna /polarization scanning sequence (1 V,1H,2V,21).
These 82 revs (~ 6 days) of dual-]holarized backscatter
dat aarcuscdtot estthescaice/open water classification
algorithm deseribed in the previous section.

The datain the range of incidence angles from 43° to
58 were averaged and grouped into 0.5° Jatitude and 0.5°
longitudebins. The copol ratio was calculated from cach
pair of consceutive 0w and oy 1necasurements from the
samcantennabeainand averaged over all the SASS ob-
servallons for cach bin.T'he averaged o4, 0x) , and copol
ratio are used to determine whether a bin is sea ice or
water. Note that there arc bins withno SASS obscrva-
tions from 43° to H8° incidence anigles. Tor this case, no
classification is perforimed.

The classification results areshownin Figures 2 and 3.
0 of classified scaice pixels is indicated with a range of
gray levels, A's expected in suminer, the ice edge is lo-
cated 1o the north of the Chukchi sca inthe Arctic ocean.




Figure 2. Sea ice backscaticr o4, interpolated at 500 lor t b
north polar regions. Black represents ocean, and Wit po
sents land 01 no data.

A large portion of Baflin Bay was still covered by sead o
anda large portionof coastal waterin the Hudson 13y
was open There was aiso scaice ofl the cast Gremland
coast. These features agree with the chimatologienl cov-
crage of sca ice in the north polar region [6]. * 1 lweroare
only a few obvions misclassi ficat jons: A few bhinsin the
north Pacific were classified as sca ice and ii fow w t hin
theice edge inthe Arctic occan to the N1 L of €« kdhi
sea classified as open water. For the south polaric o,
Iig. 3 indicates thal the ice edge nearly reached 1o

nnum extent and extended into the mid-lat itud < o the
south Atlantic, consistent with the elimatological ive cdge
[6]. The clearly identifiable misclassifications are also vary
lunited with very few black pixels well withintheieedyp,
Although 110 ground trethinformation is availablet, de-
termine the absolute accuracy, thesmall nunmber ooy
parent classification errors indicated by the seivicopix s
inthe mid-latitude occans and open water pixelew 11111111
the ice edges suggests 1+ casonable results fromm ¢ his oyl
ratio algorithm.

SUMMARY

A classification algoritlnnusing the dual-polariz diadia
hackscatier is presented for the identificaticn of seay e
cover. This algorithm is demonstrated w it It hick ASS
data from thesingle sided, dual- polarizedimodes Aanall
number of obvious classification errors sugpests | hatthis
algorithm performs reasonably well for thesumineArdie
and winter Antarclic sca 1ce. Work is being carrie. ot
to further reduce these classification errorswitht s a
ice identification algorithm developed for 1'RS T [ 1 1 I

Classified Sea Ice Extent In T he South Polar Region
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Figurc 3. Sca ice backseatter o4, interpolated at 5(1° for the
south polar regions. Black represents ocean, and white repre-
sents land 01 no data.

this algorithu proves to be useful and accurate for other
scasons, the sea ice extent can be produced routinely from
t he NSCA'L data [2] and is expected to complement the
current products used for monitoring the extent of seaice
cover
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